Abstract. Crimean Congo hemorrhagic fever (CCHF) is a viral zoonotic disease. During 1999-2011, 871 human cases of CCHF were diagnosed in Iran. A history of serologic conversion for CCHF virus was seen in 58.7% of 2,447 sheep samples, 25.0% of 1,091 cattle samples and 24.8% of 987 goat samples from different parts of Iran. Spatial analysis showed that the main foci of this disease in humans during these years were in eastern Iran (P 0.01) and the second most common foci were in northeastern and central Iran. Two livestock foci were detected in the northeastern northwestern Iran. On the basis of the results of this study, infection likely entered Iran from eastern and western neighboring countries.
INTRODUCTION
Crimean Congo hemorrhagic fever (CCHF) virus, family Bunyaviridae, genus Nairovirus, is an RNA virus that commonly infects domestic livestock and wildlife; such an infection is not accompanied by specific clinical signs in animals. Hyalomma spp. ticks are regarded as the main vectors in nature, humans are accidental hosts, and human infection is usually acquired via a tick bite or after contact with infected livestock, their blood, or other secretions. 1, 2 Up to 80% of CCHF cases are subclinical and seropositive. The case-fatality rate among clinical patients is reported to be approximately 30%. 3 This disease has been reported in 30 countries in Africa, Asia, and eastern Europe. There have been reports of CCHF outbreaks in some of the neighboring countries of Iran, including Afghanistan, Iran, Iraq, Kuwait, Oman, Pakistan, Saudi Arabia, United Arab Emirates, and Turkey. 4 The emergence of diseases such as CCHF, which is transmitted by ticks in areas where the vector, domestic livestock, and wildlife are present, leads to an endemic situation and is why it is assumed that eradication of such diseases is difficult. 5 In recent surveillance systems, application of the relationship between environmental and geographic factors and incidence of disease has been extensively applied to predict the status of disease. 6 To demonstrate such relationships and their modeling, it is essential to have complete information about reported cases of a disease over time. 7 Spatial analysis of a disease is defined as a presentation of cases of a disease, taking into respect spatial factors and their related analyses. One of the modern instruments for spatial analysis is the application of the geographic information system (GIS). 8 This system leads to a better understanding of clusters and hot spots of disease and their interpolation. 8, 9 On the basis of various studies conducted in Iran since 1972, virus circulation has been demonstrated in different regions of Iran. 10, 11 The first human clinical cases were confirmed in 1999 in western Iran after a nosocomial infection. 12, 13 Since then, the disease has been reported in different parts of Iran and a surveillance system has been planned and conducted.
Hyalomma spp. ticks are considered to be the most important and the most common vectors and reservoirs of CCHF in Iran. The virus has also been reported in other genera of ticks such as Haemaphysalis spp., Rhipicephalus spp., and Ornithodoros spp. Soft ticks belonging to the genus Argas have been also shown to be another vector of CCHF virus in Iran. 14 Despite the belief that the disease is more prevalent in the eastern parts of Iran, probably because of importation of infected livestock from neighboring countries, evidence is lacking to confirm this as a source of new infections. Thus, scientific evaluations are needed to investigate this belief. In this regard, having applied data from the Pasteur Institute of Iran and used GIS for spatial analysis of CCHF in human and livestock samples during 1999-2011 in Iran, we conducted this study to evaluate the reporting process of this disease, the distribution of cases and foci, as well as to identify any overlap between human and livestock foci. East, has an area  of 1,648,195 km   2 , and is the 18th largest country in the world. It has various environmental conditions with respect to wide latitude and longitude ranges, topographic diversity, and an elevation that ranges from 25 to 5,671 meters above sea level. Iran is essentially a mountainous country with an ecologically diverse habitat that is subject to climate fluctuations. Climate in Iran ranges from arid to subtropical. Iran is bordered on the north by Armenia, Azerbaijan and Turkmenistan and to the north across the Caspian Sea by Kazakhstan and Russia, on the east by Afghanistan and Pakistan, on the south by the Persian Gulf and the Gulf of Oman, on the west by Iraq, and on the northwest by Turkey.
MATERIALS AND METHODS

Study areas. Iran is located in the Middle
Case-patient definition. In this study, a confirmed case of CCHF in a human was defined as a person with a positive IgM serologic test result for CCHF by enzyme-linked immunosorbent assay, a four-fold increase in IgG against CCHF demonstrated between specimens collected during the acute and convalescent phases of disease, or an isolated causative virus of the disease in serum by reverse transcription polymerase chain reaction. Livestock showed a positive history of CCHF virus infection if IgG against the virus was confirmed by specific enzyme-linked immunosorbent assay.
Study data. Data for human cases and livestock samples wee obtained from the National Reference Laboratory of (Figure 1 ). According to the national disease surveillance system, this laboratory is the only diagnostic laboratory for analysis of viral hemorrhagic fevers in Iran. After detecting a probable human case of CCHF, patient serum are maintained in a cold chain and dispatched to this laboratory for confirmation.
A person is considered as having a probable case of CCHF when he or she shows sudden onset of fever, myalgia, and different hemorrhagic manifestations; has a suggestive epidemiologic pattern, such as a history of tick bite, handling animal or human blood or tissues; and has thrombocytopenia (platelet count 150,000/mm . Three blood samples were taken from each probable casepatient. The first sample was taken immediately after clinical diagnosis of the disease had been made, and the second and third samples were taken 5 and 10 days, respectively, after the first clinical symptoms of the disease.
Samples of healthy livestock from all over the country are also collected randomly and sent to this national reference laboratory in cold chain after serum separation.
Data obtained from the files of human cases included the location (county and province) and onset date (year) for CCHF human cases. Information for livestock included type of animal (sheep, cattle, or goat) and location (county and province), and the results of tests. For spatial analysis, information from counties with 30 livestock samples during the study period was used. The GIS maps at the national, provincial, and county level were collected from the National Geographic Center. Data analysis was performed on county level maps.
Data analysis. ArcGIS software version 9.3 (ESRI, Redlands CA) was used for description and analysis of spatial information. Statistical Package for the Social Sciences software A disease cluster is the occurrence of a greater than expected number of cases of a particular disease within a group of persons, a geographic area, or a period of time. 15 There are two ways of assessing spatial patterns in geographic data: global and local measures of spatial association. Global measures of spatial association can analyze patterns on a global scale to show whether data are clustered, dispersed, or randomly distributed in space. 16 Because global measures of spatial association can be used to test general patterns in data, identification of statistically significant patterns of high (hot spots) or low (cold spots) attributed values within the study area is also useful. Local measures of spatial association can quantify spatial autocorrelation at a local scale, which may be masked by global measures. 16, 17 In this study the Getis-Ord General G statistic and the Getis-Ord Gi-star statistics was used to assess the global and local measure of spatial association, respectively.
To evaluate the pattern of the distribution of human cases in the population, high/low clustering was used. Such a spatial statistical test presents the results in the form of a P value, and a P value 0.05 was regarded as a cluster distribution.
To determine the high risk foci of the disease, Getis Ord's Gi* test and hot spot analysis was used in ArcGIS software. Analysis results were in the form of Z value and in the appearance of different layers on a map. The Z score, as measured in SD units, represents the magnitude of variation from complete spatial randomness. A high positive value is interpreted to represent spatial clustering and a high negative value represents spatial dispersion. The P values from this calculation represent the probability of such an event occurring by chance. In this study, a Z 2.58 SD was regarded a hot spot.
Interpolation refers to the estimation of events between sample points and is frequently used in spatial modeling of diseases; interpolation methods are based upon the geospatial principle that areas closer to each other are more similar and correlated compared with areas farther apart from each other. 18 Inverse distance weighting (IDW) is a type of interpolation. In this method, it is believed that the correlation and similarity between neighbors is proportional to the distance between them and such a distance is used as the model's weight. 19 In this study, to determine the suspected livestock foci of the disease in the country, we designed a smoothed map of livestock serum antibody conversion in Iran by IDW. In this method, optimum power and radius were measured by calculating the least root mean square (RMS) prediction error from the regression function of the cross-validation procedure in ArcGIS Geostatistical Analyst. 20 The source of input data into the RMS calculation was the rate of CCHF antibody conversion in districts of the country where animal serum samples were referred for testing. The correlation between human and livestock foci was evaluated visually by comparing the generated maps.
RESULTS
During 1999-2011, 871 patients were confirmed to be infected with CCHF virus in Iran. As shown in Figure 2 The pattern of occurrence of the disease during 2002 (P 0.05), 2008 (P 0.05), and 2010 (P 0.01) was clustered, and the high frequency of reported human cases was associated with those counties located near each other; there was a cluster distribution in these regions. As for other years, random distribution was the pattern of distribution for the disease. When such an analysis was conducted for all years, cluster distribution was seen again for all 13 years (P 0.01).
In the analysis of hot spots, the main focus of the disease during these years was in the Counties of Zabol and Zahedan (P 0.01) ( Figure 3A Figure 3B ). On the basis of three-dimensional modeling of the distribution of CCHF serum antibody conversion among sheep, cattle, and goats, most infected livestock samples were from northwestern and northeastern regions of Iran.
The IDW results used to designate the smoothed map of CCHF serum antibody conversion in livestock in the country showed that the application of neighborhood status of six points and a power of one accompanies the least amount of RMS error. The smoothed map of CCHF serum antibody conversion in livestock of the country was designed in accordance with this information (Figure 3C ). In this map, two probable foci of livestock serum antibody conversion were seen in northeastern Iran in northern Khorasan Razavi Province; this second focus extended towards the Counties of Zabol and Zahedan, which had a lower CCHF serum antibody conversion rate. The other probable focus of the disease was in the northwest region of Iran in Zanjan Province, which also included neighboring Kurdistan Province, which had a lower seroconversion rate. The seroconversion rate for livestock in the southern, northern, northwestern, and some parts of central Iran was lower than for other areas.
To compare and evaluate the correlation between human and livestock foci of the disease, the map of human high risk spots and the smoothed map of livestock CCHF serum antibody conversion ( Figure 3B and D) were compared. There was no significant correlation between human and livestock foci of the CCHF serum antibody conversion. The northeastern focus of livestock serum antibody conversion overlapped with the main human focus of the disease, i.e., the Counties of Zabol and Zahedan had approximately 60% of all human case studies of the disease. The County of Mashhad, one of the human foci of the disease, was also located in this area. The northwestern CCHF serum antibody conversion focus showed no overlap with human foci. Other foci of the disease had no overlap with livestock foci.
DISCUSSION
This study showed that the main foci of reported cases of CCHF in humans in Iran are the Counties of Zabol and Zahedan in the Province of Sistan and Baluchistan, which are near Afghanistan. In addition, three foci in northeastern and central Iran are regarded as the other important foci of the disease. Two probable livestock foci were also detected in northeastern and northwestern Iran.
During 1999-2011, 871 patients with CCHF were detected in Iran. Because approximately 80% of CCHF infections are accompanied by no clinical symptoms, 21 this reported number is assumed to be much lower than the actual number of human cases.
Evaluation of the trend of cases of the disease in Iran showed that after a significant increase in the number of patients during 2000-2001 and a subsequent decrease during 2002-2007, the number of human cases started to increase again after 2008. Incidence of the disease in other parts of the world has also shown a similar repeated pattern. For instance, an epidemic of CCHF occurs every six years in Kosovo. 22 To better determine the long-term trend of the disease in Iran, evaluation over a longer period of time and of newly reported human cases is essential.
Except for 2002, 2008, and 2010 when occurrence of the disease showed a cluster distribution pattern, in other years, it has adhered to a pattern of random distribution. In these three years, those counties with a higher number of reported cases when compared with others were located near each other. Thus, most cases of the disease were in Counties of Zabol, Zahedan, Mashhad, Isfahan, Shiraz, and Tehran, and surrounding areas. The clustering pattern of the disease in these years could be related to an increased number of reports of the disease in these years versus other years. The distribution pattern of the disease in Iran is generally random, but where occurrence of the disease increases in a year, such a pattern changed to a cluster and new human cases in that particular year were mostly concentrated in counties with a high level of reports and their surrounding areas.
When all reports of the disease during the 13-year study period were evaluated together, a cluster distribution pattern was prominent. Such information also shows that there is a correlation between reported human cases in different years, i.e., that where a disease occurs in one county, the probability of reports of the disease in the same county or in neighboring ones in the following years would increase. Thus, it is essential that the health system in Iran designs a plan to fight against and evaluate any type of clusters of the disease in a scientific way. Such programs help policy makers and those authorities involved in the health care system to make decisions based upon scientific evidence. 23 As expected, the two main human foci of this disease during these years in Iran were the counties of Zabol and Zahedan. Other major foci are in Mashhad County in northeastern Iran and in Saravan and Khash in eastern Counties of Sistan and Baluchistan Province. These counties are near the border with Afghanistan and Pakistan. Because more than 60% of all human cases of CCHF in Iran have been reported in Sistan and Baluchistan Province, excessive livestock importing and high frequency of Afghani traveling to this area can be a source of human infection reported from this region. Annually, approximately 300,000 livestock are imported illegally from Afghanistan into Iran. 24 Other human foci of this disease included some western counties of Isfahan Province, which are located near each other. In this study, another human focus was located in Fars Province (Counties of Shiraz and Kazeroon) in southwestern Iran. These two counties are two of the largest counties in Fars Province and are located near each other in the northwestern area of this province. Most remaining foci were centrally located in the Provinces of Tehran, Alborz, Khorasan Razavi, Yazd, Hormozgan, and Khuzestan. In Iran, larger cities tend to be located centrally in provinces and human case-patients seeking treatment go to the larger cities for medical care. Therefore, more records might be available at these centers.
Domestic livestock such as sheep, cattle, and goats do not show any signs after infection with CCHF; IgG levels starts to increase approximately 12 days after infection and can be present in the blood for 5-6 years. The presence of IgG against the virus in blood confirms a prior infection in livestock. In this study, serologic measurement of IgG in 4,525 livestock from 26 provinces showed that IgG was present 40% of all livestock under study. Thus, CCHF is probably endemic in the livestock population in most parts of Iran. In addition, in this study, most CCHF serum antibody conversions were detected in sheep, which are main host among all domestic livestock in this study, as was the case in similar studies. Sheep have been known to be one of the main hosts acting as a reservoir for the virus and also a main and primary host for vector ticks in areas to which CCHF is endemic. 25 Because approximately 60% of 90 million domestic livestock in Iran are sheep, the infection among them is considerable.
As for livestock foci, the smoothed map of CCHF serum antibody conversion in livestock in Iran showed two probable foci, one in the northeastern Iran and one in northwestern Iran. The northwestern focus is also located next to Turkey, where there are many reports of the disease. 26 Thus, infection from this neighboring country is likely. The livestock CCHF serum antibody conversion rate in southern, northern, northwestern, and certain central areas of Iran was lower than in other regions. This finding might be due to the fact that samples were not sent from these areas. Thus, CCHF serum antibody conversion values for these areas have likely been substantially affected by neighboring regions.
In this study, livestock blood samples sent from each area were assumed to be a livestock index of that particular region. However, the sampling method and number of samples sent did not follow any specific sampling design. If one considers the low number of samples sent for various livestock, the known CCHF serum antibody conversion rate of all species was applied in the analysis of livestock foci. This factor was one of the limitations of this study on livestock samples. Thus, results of livestock samples were solely presented as field observations around which hypotheses were developed. If one takes into consideration the fact that livestock have a shorter life span than humans, their spatial serum antibody conversion distribution could be used as an index for new transmission of the infection and also human risk of acquiring the disease. 27 A comparison of the human hot spot map and the smoothed map of livestock CCHF serum antibody conversion showed that there was no significant correlation between human and livestock foci. This finding is an unresolved question that awaits further testing and analysis.
The northeastern livestock focus of CCHF covers the main human foci, Counties of Zabol and Zahedan, and 60% of all human cases were reported from this region. This human and livestock focus borders Afghanistan and would support the hypothesis of infected livestock imported from this country.
The northwestern CCHF serum antibody conversion focus in Iran showed no overlap with the human foci of CCHF because a limited number of human cases have been reported from these areas during the study period. Such information necessitates more attention being given to this area to better clarify the actual infection status of this region. This focus borders Iraq, in addition to Turkey, and infection caused by livestock being moved from Iraq to Iran is also feasible. One of the explanations for the low number of human cases reported for certain livestock foci is lack of surveillance by the health care systems of these areas regarding CCHF. Thus, it is essential that awareness of the health system for CCHF is enhanced in these regions.
Although evaluation of human foci showed that some are located in certain counties in the provinces of Isfahan, Tehran, Hormozgan, and Khuzestan, these counties are designated as areas with low infection rates in their livestock. However, it should also be noted that although domestic livestock are regarded as the main hosts of the disease and can transfer the disease during their viremic stage to humans, 28 high-risk behaviors such as slaughtering or examining livestock without wearing masks or gloves, unauthorized slaughtering of animals (outside slaughterhouses) facilitate transmission of the disease. Thus, high-risk behaviors in these counties could account for transmission to humans from the low percentage of infected livestock. It is also probable that the actual livestock infection rate is higher than that determined from submitted livestock samples.
During this period, human samples were not obtained from the provinces of Ardebil, Ghazvin, and Kohkiluyeh and Boyer-Ahmad. However, livestock seroconversion rates were 20% in all of these regions. Thus, absence of any report of human cases in a province does not necessarily imply that the virus circulation is not present there.
In this study, it is also possible that the city of treatment was erroneously registered as the city of residence. As a result, misclassification bias was inevitable. If one considers the problems in validation of these data, this factor could also be another limitation of this study.
Hyalomma spp. ticks are considered to be the most important vector and reservoir of CCHV. Although the virus has been reported from Hyalomma spp. and other genera of ticks in some local studies, 14 ,29 a national study should be conducted to assess the geographic distribution of tick vectors relative to CCHF infections in humans and livestock. It is recommended that future studies use predictive models to map the habitat suitability for the vector tick from satellitebased climate data and features of the vegetation covering the whole country.
Another limitation of this study was use of data from laboratory submissions obtained through passive surveillance. For spatial analysis and modeling, it would be better to have data based on comprehensive surveillance through systematic sampling methods. As for this study, spatial analysis processes relied on data collected by less than optimal methods and sampling bias was probable. This finding could originate from the fact that more samples have been sent from counties with previous reports of the disease. It is strongly suggested that molecular genetic studies also be conducted for livestock foci in northeastern and northwestern Iran to determine relationships among various geographic strains.
Available evidence suggests that a systematic connection between human and livestock information in different parts of the country is challenging because this connection requires a much higher level of livestock samplings from different parts of the country. This challenge necessitates high costs for serologic laboratory tests that are not available at the present time. In this regard, it is recommended that priority of sampling be given to those counties with no reported human cases or those known to be human foci of the disease.
Although the Getis-Ord General G statistic was useful in identifying spatial clusters, use of this method was most effective when we were able to establish the distribution of the entities being measured, which might be influenced by other factors. When these measures are taken over a large area, such as the boundaries of a country, it becomes more of a problem. Therefore, it is advisable to estimate the zones or distances of spatial influence of the observations by using tests such as multi-distance spatial cluster analysis involving Ripley's K function. 30 When spatial clusters are detected, especially on a country-wide scale, it is best to confirm these clusters with other tests based on different assumptions and different statistical models. Thus, in our study it was better to conduct further analysis, but complex analysis was not used to simplify results, and it was assumed that more advanced analysis would not change the final results and conclusions.
On the basis of the findings of this study, it is strongly recommended that more attention be given to evaluation and assessment of surveillance programs in high-risk areas without any decrease in the awareness of surveillance system in other regions. If these recommendations are implemented, awareness of CCHF by health systems in these counties should be enhanced. Authorities responsible for disease surveillance in Iran are also advised to annually update this model with new data to gain a better perspective of the epidemiology of the disease and increase the validity of the model. This study has shown that CCHF virus is highly focal with evidence of virus activity in most regions of Iran. Disease outbreaks in humans are likely to continue to be a threat because livestock hosts, tick vectors, and the virus are found nationwide. Because of common borders of eastern and northwestern provinces with disease-endemic countries and the high frequency of travel and livestock transport, control of the disease in border areas should be more thorough and border quarantines should be improved and better supervised.
